Background {#s1}
==========

The World Health Organization (WHO) co-sponsored an international conference on primary health care in Alma-Ata, USSR (now in Kazakhstan) in September 1978. The Declaration of Alma-Ata stated 'the need for urgent action by all governments, all health and development workers, and the world community to protect and promote the health of all the people of the world'. Unfortunately, at least in India, although progress has been achieved in different sectors, much needs to be done to achieve good health for its citizens. Chronic kidney disease (CKD) belongs to the category of non-communicable diseases (NCDs). According to a report, NCDs were responsible for 63% of deaths worldwide in 2008, and in India alone they were responsible for 53% of deaths \[[@SFW009C1]\]. According to this report, causes of mortality were cardiovascular diseases in 24%, chronic respiratory diseases in 11%, cancer in 6% and diabetes in 2% population. There is limited information available about the 'state of kidney health' in India, and especially the rural and semi-urban population, who have limited access to health services for various reasons. The age-adjusted incidence rate of end-stage renal disease (ESRD) in India was reported to be 229 per million population (pmp) and \>100 000 new patients enter renal replacement programs annually in India \[[@SFW009C2], [@SFW009C3]\]. In a recent multicenter study in India, the prevalence of CKD was observed to be 17.2%, with about 6% having CKD stage 3 or worse \[[@SFW009C4]\]. These reports suggest that much needs to be done to focus on kidney diseases in India. Kidney diseases may become a major threat to the health of the population of developing nations and particularly India in the near future.

Hypertension, diabetes mellitus (DM), obesity and stone diseases are the common risk factors for development of CKD, as well as less common causes such as infections and congenital anomalies of the urogenital tract.

World Kidney Day (WKD) is has been celebrated every year in many parts of the world since 2006 \[[@SFW009C5]\]. Our aim in celebrating this day is to increase awareness of kidney diseases in the general population so that we can prevent the progression of kidney diseases and help suffering patients with therapeutic strategies. However, there is limited benefit of such celebrations to the people in less developed areas of the world due to the lack of awareness about kidney diseases, a lack of commitment and will of the personnel engaged in health practices and the paucity of resources to address this issue. We therefore decided to address the 'kidney health' of the semi-urban population of Gujarat on the occasion of WKD in March 2014.

We screened the population of six towns where we had established dialysis centers to serve the local population by organizing a kidney disease screening program as a pilot project. All willing participants were included in the study except pregnant women, persons \<18 years of age and those with hypertension, DM, CKD, hepatitis B or C, HIV, cardiac/liver pathology or if they had undergone kidney transplantation.

Materials and methods {#s2}
=====================

This study was conducted in 2014 on Sundays from the end of February to June to ensure that maximum participants could take advantage of these free services. The Institutional Ethics Committee approved the study forms and design. Participants were informed about these camps by advertising in local newspapers and on television and by placing billboards in the villages for 1 week before the scheduled date of the camp. Every camp was open from 8 a.m. to 8 p.m. A team of nephrologists, pathologists, urologists, radiologists, medical officers, nurses, technicians and clerical staff trained to conduct interviews participated in the camps. A structured questionnaire in the local language was developed and volunteer participants were requested to complete it on arrival and after enrollment (Appendix) with the help of our staff. It included history of illness, diabetes, hypertension, swelling of the face/eyelids in the morning, urinary complaints, medications and any significant family history related to kidney diseases.

Demographic studies included height, weight, temperature, pulse rate, respiratory rate, blood pressure (BP) and body mass index. Lab investigations included complete blood counts, random blood sugar, serum creatinine (SCr) and urinalysis. Ultrasonography of the abdomen was carried out and any anomaly related to the urogenital tract was noted. Particular emphasis was placed on the presence of calculi in the urogenital tract. After the reports were printed, each participant was examined by a nephrologist and urologist and advised for further management according to examination and reports.

Overweight was defined as a BMI between 25 and 30 kg/m^2^ and BMI \>30 kg/m^2^ was considered obese. Hypertension was defined as systolic/diastolic blood pressure \>140/90 mmHg. Blood samples were collected and sent to nearby labs accredited under the National Accreditation Board for Testing and Calibration Laboratories (NABL) or to our own lab. The specimens were stored at 4--6°C. Complete blood counts were performed by an automated hematology analyzer (Sysmex XN series, Sysmex, Kobe, Japan). Reference ranges were hemoglobin 12--14 g/dL for women and 13--17 g/dL for men, and total leukocyte count 4--11 × 10^3^/µL. Biochemistry was performed on a Roche Hitachi 912 analyzer calibrated with commercially available controls. SCr was measured using a modified Jaffe colorimetric method, with a reference range was 0.5--1.4 mg/dL. Plasma glucose was measured by the glucose oxidase peroxidase method, with a reference range of 70--140 mg/dL. Standardization was carried out using a chemistry calibrator traceable to an isotope dilution mass spectrometry (IDMS) reference method using the National Institute of Standards and Technology (NIST) Standard Reference Material 967. Urinalysis was performed using a fully automated urinalysis system (Urisys 2400, Roche Diagnostics India) from midstream urine samples from all participants in the same season and similar weather conditions for all the centers. Estimated glomerular filtration rate (eGFR) was calculated using the modified Modification of Diet in Renal Disease 3 equation using standardized SCr, age, race and gender \[[@SFW009C6]\]. DM was defined as random blood sugar ≥200 mg/dL as per the American Diabetes Association guidelines \[[@SFW009C7]\]. Proteinuria was considered for urine albumin ≥1+, which is equivalent to 25 mg/dL. All participants received their reports along with instructions from a nephrologist and urologist before they left the camp site. They were advised to come for follow-up to our center for further care or if they needed any additional consultation.

Further comparisons of towns from North Gujarat were made with those of the coastal region of Saurashtra to determine the prevalence of hypertension, diabetes and stone burden in these areas. This comparison was made because North Gujarat is a distance from coast and has hard water compared with other parts of the state.

Statistical analysis {#s2a}
--------------------

Creatinine clearance was measured by Cockroft--Gault formula and was included in the study. SPSS 20 (IBM, Armonk, NY) was used for statistical analyses. Continuous variables were expressed as mean ± SD and categorical variables were expressed as number (%). Data followed normal and non-normal distributions; continuous variables were tested for normally distributed variables using independent unpaired Student\'s *t*-test, and Mann--Whitney *U*-test was used for non-normally distributed continuous variables. For categorical variables, Pearson *χ*^2^ test was used. Fisher\'s exact test was used when appropriate. P-values \<0.05 were considered statistically significant.

Results {#s3}
=======

Of the 2800 participants screened from six towns in Western India, 2350 fulfilling the selection criteria were included in the study. The mean distance of camp venues from our premises was 132.33 ± 82.48 km (range 61--311). The demographics and results are summarized in Table [1](#SFW009TB1){ref-type="table"}. None of the participants had a history of illness, diabetes, hypertension, swelling of the face/eyelids or urinary complaints. Family history regarding kidney diseases was insignificant. This included a history of diagnosed kidney failure or any visit to the doctor for urinary problems, swelling of the face/eyelids, weakness, hypertension, diabetes or hereditary diseases related to kidney disease or birth defects. Of the studied participants, 16.1% had a positive history and hence were removed from the study. BMI \<25 kg/m^2^ was observed in 1141 (48.55%) participants and BMI ≥25 kg/m^2^ was observed in 1209 (51.45%) participants. DM was observed in 82 (7.19%) participants of the lower BMI group versus 146 (12.08%) in the higher BMI group (P \< 0.01). Males had a higher incidence of DM than females in both groups, constituting 74.39% in the former and 65.07% in the latter. Hypertension was observed in 207 (18.14%) participants belonging to lower BMI group versus 427 (35.32%) in the higher BMI group (P \< 0.01). Males had a higher incidence than females in both groups, constituting 73.43% in the former and 65.07% in the latter. Thus DM and hypertension were more common with higher BMI (P \< 0.01). All the participants with stone burden had multiple calculi and concretions in the kidneys with/without calculi in the ureter/bladder. The size of the smallest calculus was 3 mm and the largest was 45 mm. Table 1.Results of screening of participants for kidney diseasesParameters evaluatedTotalMalesFemalesP-valueSubjects, *n*23501438912\<0.01Age (years), mean ± SD48.16 ± 1449.77 ± 14.4746.77 ± 13\<0.01BMI (kg/m^2^), mean ± SD25.61 ± 5.2525.11 ± 526.41 ± 5.53\<0.01Overweight772 (32.85%)469 (32.61%)303 (33.22%)0.79Obesity423 (18%)218 (15.16%)205 (22.48%)\<0.01Hypertension631 (26.85%)385 (26.78%)246 (26.97%)0.91Diabetes mellitus230 (9.79%)151 (10.50%)79 (8.66%)0.16Serum creatinine (mg/dL), mean ± SD1.02 ± 0.421.11 ± 0.450.87 ± 0.3\<0.01eGFR (mL/min/1.73 m^2^), mean ± SD87.84 ± 2188.19 ± 20.9187.30 ± 21.240.32Urine albumin ≥1+324 (13.79%)208 (14.46%)116 (12.72%)0.23Stone burden404 (17.19%)277 (19.26%)127 (13.92%)\<0.01Hemoglobin \<12 g/dL638 (27.15%)207 (14.4%)431 (47.26%)\<0.01eGFR \<60 mL/min/1.73 m^2^195 (8.29%)108 (7.5%)87 (9.5%)0.38CKD eGFR \<60 mL/min/1.73 m^2^ ± urine albumin ≥1+492 (20.93%)302 (21.0%)190 (20.8%)0.96

On comparing the towns from North Gujarat with those of Saurashtra, the prevalence of hypertension, diabetes and stone burden was different in the two areas. Their demographics, clinical, radiological and laboratory data along with gender distribution are summarized in Table [2](#SFW009TB2){ref-type="table"}. The incidence of obesity, overweight, hypertension and DM was greater in Saurashtra whereas the incidence of stone burden, elevated SCr and proteinuria was higher in North Gujarat (P \< 0.01). Hemoglobin \<12 g/dL was observed in both regions without any significant difference between them (P = 0.30). Table 2.Comparison of demographics and results of screening participants for kidney diseases from two regions of Western IndiaParameterTotalMalesFemalesRegion 1Region 2P-valueRegion 1Region 2P-valueRegion 1Region 2P-valueTotal, *n*121311370.987436950.984704420.98Age (years), mean ± SD49.38 ± 13.3447.8 ± 14.680.0149.25 ± 15.4250.24 ± 13.530.2045.37 ± 12.9848.04 ± 12.9\<0.01BMI (kg/m^2^), mean ± SD26.53 ± 5.2424.59 ± 5.03\<0.0124.08 ± 4.6526.02 ± 5.12\<0.0125.39 ± 5.5227.32 ± 5.38\<0.01Overweight445 (36.60%)327 (28.75%)\<0.01269 (36.2%)200 (28.77%)\<0.01130 (27.56%)173 (39.14%)\<0.01Obesity278 (22.91%)145 (12.75%)\<0.01140 (18.84%)78 (11.22%)\<0.0179 (16.74%)126 (28.51%)\<0.01Hypertension372 (30.66%)259 (22.77%)\<0.01206 (27.72%)166 (23.88%)0.1187 (18.44%)159 (35.97%)\<0.01Diabetes mellitus129 (10.63%)101 (8.88%)0.7078 (10.49%)73 (10.50%)0.9329 (6.14%)50 (11.31%)0.01Serum creatinine (mg/dL), mean ± SD1.04 ± 0.430.99 ± 0.4\<0.011.15 ± 0.471.08 ± 0.430.010.87 ± 0.280.87 ± 0.321Urinary albumin ≥1+106 (8.73%)218 (19.17%)\<0.0164 (8.61%)144 (20.71%)\<0.0142 (8.93%)74 (16.74%)\<0.01CKD190 (15.66%)302 (26.0%)\<0.01116 (15.61%)186 (26.76%)\<0.0173 (15.53%)117 (26.47%)\<0.01eGFR (mL/min/1.73 m^2^), mean ± SD78.84 ± 21.9589.34 ± 20.76\<0.0187.22 ± 21.2289.09 ± 20.610.1084.64 ± 21.2189.73 ± 21.0\<0.01Stone burden118 (9.72%)286 (25.15%)\<0.01114 (15.34%)163 (23.45%)\<0.0157 (12.12%)70 (15.84%)0.13Hemoglobin ≤12 g/dL341 (27.96%)297 (26.12%)0.30116 (15.61%)91 (13.09%)0.20225 (47.7%)206 (46.61%)0.75eGFR \<60 mL/min/1.73 m^2^91 (7.46%)104 (9.14%)0.1754 (7.26%)54 (7.76%)0.7937 (7.84%)50 (11.31%)0.10ADPKD5 (0.41%)3 (0.26%)0.795 (0.67%)3 (0.43%)0.790 (0%)0 (0%)--[^1]

Table [3](#SFW009TB3){ref-type="table"} describes renal impairment observed in different age groups from 18 to \>70 years. This includes eGFR \<60 mL/min/1.73 m^2^, albuminuria ≥25 mg/dL, with CKD stages 3, 4 and 5 and stone burden. It was observed that overall CKD peaked in the seventh decade of life in both genders. Autosomal dominant polycystic kidney disease was incidentally noted in eight men. Significant albuminuria was observed in 291 (16.77%) participants with an eGFR \>60 mL/min/1.73 m^2^. Of 492 participants with CKD greater than stage 2, 32.52% were found to have CKD stage 3A, 4.87% were found to have CKD stage 3B, 2.03% were found to have CKD stage 4 and 0.20% were found to have CKD stage 5. Figure[ 1](#SFW009F1){ref-type="fig"} depicts the findings of our study regarding kidney diseases in this population. Table 3.Renal impairment in different age groupsAge group (years)eGFR \<60 mL/min/1.73 m^2^ (*N* = 195), /totalAlbuminuria (*N* = 324), /totalCKD (*N* = 492), /totalStone burden (*N* = 404), /totalCreatinine clearance, mean ± SDTotal 18--3017 (5.94%)/28636 (12.59%)/28653 (18.53%)/28639 (13.64%)/28689.90 ± 32.30 31--4019 (4.58%)/41541 (9.88%)/41557 (13.74%)/41578 (18.8%)/41591.17 ± 33.12 41--5052 (8.47%)/61486 (14.01%)/614126 (20.52%)/614122 (19.87%)/61486.48 ± 30.33 51--6046 (7.96%) /57878 (13.49%)/578121 (20.93%)/57894 (16.26%)/57880.78 ± 28.57 61--7034 (10.46%)/32558 (17.85%)/32587 (26.77%)/32551 (15.69%)/32575.56 ± 27.29 \>7027 (20.45%)/13225 (18.93%)/13248 (36.36%)/13220 (15.15%)/13266.23 ± 25.99Males 18--3010 (5.78%)/17322 (12.72%)/17332 (18.5)%/17323 (13.29%)/17389.96 ± 33.59 31--408 (3.72%)/21518 (8.37%)/21525 (11.63%)/21547 (21.86%)/21593.92 ± 32.15 41--5024 (6.88%)/34953 (15.19%)/34970 (20.06%)/34987 (24.93%)/34984.50 ± 29.57 51--6028 (7.61%)/36858 (15.76%)/36884 (22.83%)/36871 (19.3%)/36881.96 ± 29.12 61--7021 (9.33%)/22539 (17.33%)/22557 (25.33%)/22536 (16%)/22576.05 ± 27.84 \>7017 (15.74%)/10819 (17.59%)/10834 (31.48%)/10814 (12.96%)/10868.94 ± 26.69Females 18--307 (6.19%)/11314 (12.39%)/11321 (18.58%)/11316 (14.16%)/11389.80 ± 30.33 31--4011 (5.5%)/20023 (11.5%)/20032 (16%)/20031 (15.5%)/20088.64 ± 34 41--5028 (10.57%)/26533 (12.45%)/26556 (21.13%)/26535 (13.2%)/26589.12 ± 31.17 51--6018 (8.57%)/21020 (9.52%)/21037 (17.62%)/21023 (10.96%)/21078.68 ± 27.52 61--7013 (13%)/10019 (19%)/10030 (30%)/10015 (15%)/10074.44 ± 26.12 \>7010 (41.67%)/246 (25%)/2414 (58.33%)/246 (25%)/2459.55 ± 21.37 Fig. 1.Bar diagram depicting the parameters of renal impairment in the form of albuminuria \>1+, eGFR \<60 ml/min/1.73 m^2^, CKD and stone burden.

Discussion {#s4}
==========

The risk of developing CKD is increasing globally \[[@SFW009C8]--[@SFW009C18]\]. Its complications include cardiovascular mortality, kidney disease progression, cognitive decline, anemia, mineral and bone disorders and fractures. Screening and timely intervention can prevent CKD and its complications \[[@SFW009C18]\]. In our study of a semi-urban population we observed a relatively high prevalence of hypertension, diabetes and stone burden. Interestingly, we also found a high stone burden in the non-coastal area as compared with the coastal area. Thus both regions showed a high risk of their populations progressing to CKD, but for different reasons.

Zhang and Rothenbacher \[[@SFW009C19]\] studied the prevalence of CKD worldwide in 2008. They reviewed 26 studies from the USA, Europe, Asia and Australia. They observed that the median prevalence of CKD was 7.2% in persons ≥30 years old, whereas in persons ≥64 years, the prevalence varied from 23.4 to 35.8%. According to the Kidney Dialysis Outcomes Quality Initiative (KDOQI) practice guidelines published in 2002 by the National Kidney Foundation (NKF), CKD is defined as creatinine clearance or GFR \<60 mL/min/1.73 m^2^ \[[@SFW009C20], [@SFW009C21]\]. These guidelines were adopted by all studies to arrive at the prevalence of CKD. In the cross-sectional multicenter Screening and Early Evaluation of Kidney Disease (SEEK) Indian study by Singh *et al*. \[[@SFW009C4]\] on 6120 subjects, the prevalence of CKD was 16.4%. In this study, CKD stages were defined as per the KDOQI guidelines (eGFR \<60 mL/min/1.73 m^2^ or proteinuria \>1+ on dipstick) \[[@SFW009C22]\]. SEEK studies of Thailand and Saudi Arabia reported CKD prevalences of 17.5 and 5.7%, respectively \[[@SFW009C23], [@SFW009C24]\]. The present study shows that the prevalence of CKD is 18.60% in our semi-urban population who are unaware of their present kidney Health status. About 400 participants from the total population studied were removed from the analysis since they were already suffering from DM/hypertension/stone disease/other sickness and are under treatment from local medical practitioners.

These figures indicate the significance of WKD to focus attention on prevention and cure of kidney diseases globally. The theme of WKD-2014 was 'Kidney Health for All'. Urban populations have easy access to medical care compared with rural and semi-urban populations of developing countries. We decided to organize a screening program in a semi-urban population where we could easily set up the required basic facilities for a screening camp.

In India, as in other developing nations that have adopted the lifestyle of developed nations, the population has started becoming more sedentary and eating a high fat and low fiber diet, giving rise to obesity and increases in BMI, which is associated with hypertension and diabetes \[[@SFW009C9], [@SFW009C25]\]. In India itself, which has geographically varied areas, the prevalence of hypertension and diabetes are different in different areas, varying from 13 to 58% and 6 to 20% \[[@SFW009C26], [@SFW009C27]\]. In the SEEK-India study, hypertension was noted in 64.5% and DM was noted in 31.6% of the CKD group. In that study, self-reported kidney stone disease was observed in 4.5%. In our study, the mean eGFR of our population was 87.84 ± 21 mL/min/1.73 m^2^. Finding hypertension in 26.85% and diabetes in 9.79% of a population that is otherwise 'healthy' according to their own belief suggests that this population is living on the brink of CKD, warranting immediate measures to improve their health status. We compared two regions of this state that occupies the western part of India: North Gujarat, which is inland, and Saurashtra, which is on the coast. Interestingly, although the populations in both areas belong to the middle class income group as per the prevailing social norms, there was substantial difference in the patterns of affection. North Gujarat emerges as the stone belt, with most of the population harboring multiple calculi. This population also had associated proteinuria and elevated SCr, whereas hypertension and diabetes, which are believed to be afflictions of affluence, were observed in Saurashtra. Both areas have populations progressing to CKD, but for different reasons.

The answer to this mammoth problem is timely intervention. In 2003, Mani \[[@SFW009C28]\] reported that diabetes accounts for \~30% of chronic renal failure and hypertension for 10% of the patient load on waiting lists for kidney transplantation. In a house-to-house survey of 25 000 in South India, he found an incidence of 6% for hypertension and 4% for diabetes. He used only reserpine, hydralazine and hydrochlorothiazide for hypertension, and glibenclamide and metformin for diabetes, the cheapest agents available, and was able to control blood pressure to ≤140/90 mmHg in 96% of cases and reduce glycosylated hemoglobin (HbA1C) by ≥10% of the original reading in 77% and HbA1C of 7% in 50% of the diabetic subjects. This study suggests that early screening and intervention can control the progress of CKD in our semi-urban population.

This was a single-point cross-sectional study carried out to screen a population who was willing to participate. Hence the possibility of under-/overestimation cannot be ruled out. The persons suffering from diabetes, hypertension or stone burden were excluded from the study. In the population studied, women do not go out unless there is specific purpose. They shy away even for a routine health check-up, unless forced to by the men of the house or that area, which rarely happens. Thus more males participated in this study and the actual prevalence of CKD may be higher. The equation for CKD employed here followed the KDOQI guidelines, which may not be ideal for our population. This study does not elaborate on the observation of hemoglobin \<12 g/dL in \~28% of the population, which also could be a contributory factor of ill health. We did not adhere to the criterion of persistence for 3 months to label this population as CKD. Hence, larger studies involving more participants from other parts of the state as well as the country need to be carried out.

In conclusion, in a semi-urban population of India that does not have the facilities for screening and early intervention for kidney diseases, the prevalence of CKD was higher than that reported in developed nations. This study may represent the tip of the iceberg since participants considered themselves healthy and individuals with risk factors for CKD were excluded. A relatively high prevalence of undiagnosed hypertension, diabetes and stone burden indicates that a larger population is likely to develop CKD if timely intervention is not provided. In addition, there are geographical differences, as stone burden associated with increased SCr and proteinuria was more prevalent in the non-coastal region, whereas diabetes and hypertension were more prevalent in the coastal region. There is an urgent need to draft preventive health policies and plan for the allocation of more resources to improve kidney health in India. This study also suggests that the populations of other developing nations, especially in Asia, are also likely to be progressing toward CKD due to hypertension, DM and obesity.
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[^1]: Region 1: coastal region (Saurashtra), Region 2: non-coastal region (North Gujarat). ADPKD, autosomal dominant polycystic kidney disease.
